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SUMMARY  
Within the UK there is increasing drive to conserve marine biodiversity and to move 
away for managing single fish species to better incorporate the complex links and 
interactions among target and non-target species and between species and their 
habitats. Evidence for this shift in focus is seen in the introduction of Marine 
Conservation Zones, in the adoption of ecosystem based fisheries management and 
in the integration of all management under the Marine Management Organisation for 
example. However, this new focus requires data at spatial scales and consideration 
of species not included in conventional management data collection.  
The challenge of obtaining such data is significant. Fishers have been identified as a 
valuable, but presently underutilised data source. However, the opportunities for 
fishers to contribute knowledge are at present limited and fishers have strong 
reservations over how that knowledge may be used. Further problems are 
introduced by contrasting fishing behaviour. Fishers tend to conduct longer tows and 
use larger nets than scientists who may also obtain a dispensation for restrictions on 
locations, gears, mesh sizes and catch composition. These differences then 
influence the catch volume, the species caught and the body size of individuals in 
the catch. These different catches impact how stakeholders perceive an area, for 
example its conservation value or how it is changing as a consequence of human 
impacts and thus what knowledge they may contribute. In extreme cases different 
trawling practices may lead to contrasting observations of resource status diversity 
and thus induce conflict as to how best to manage them.  
Based on a collaborative effort between fishers and scientists, this study explored 
how the different fishing techniques (tow duration and net size) influence catch 
biodiversity and thus how it may influence knowledge or perception of the marine 
environment. Sampling was conducted by experimental otter trawling through March 
and April at three sites offshore of Blyth, Northumberland (NE England). At each site 
repeated 3nm and 1nm tows were conducted with both a commercial otter trawl 
(80mm body and 80mm cod end mesh) and a reduced scale scientific otter trawl 
(90mm body and 5mm cod end mesh). Catch was compared among gear types, tow 
durations and locations with detailed analysis of the diversity characteristics of the 
catch. 
Analysis of the catch by body size (regardless of species) highlighted that both gears 
had a similar capture efficiency of individuals from 64g upward. Below 64g body 
weight capture efficiency decreased with decreases being particularly pronounced it 
the commercial gear designed to allow the escape of small individuals. Below 16g 
catch (number of individuals) was greater in the scientific gear compared to 
commercial gear despite its reduced dimensions.  
Difference in size selectivity strongly influenced observed biodiversity. Higher 
estimates of biodiversity were seen in the scientific gear across all biodiversity 
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measures used. This difference was driven mostly by gear retention of small 
invertebrates including shrimps, sea spiders and hermit crabs or the elongate fishes 
like butterfish, sandeel, snake blennies and hagfish. Comparing only the larger 
bodied individuals (64g and above), species richness was found to be greater in the 
commercial gear. This gear effect was explained by capture of either the largest 
fishes e.g. halibut or those that were numerically very rare in the study area e.g. 
monkfish and John Dory.  
Tow duration affected both the number of species in the catch and the average body 
size of particular species e.g. cod and whiting. Short tows caught less species than 
long tows but when three short tows were summed together to cover the same 
seabed area as a single long tow, diversity was greater. This effect was driven by 
short tows retaining disproportionally more small individuals and species than long 
tows. Patterns of abundance by body size suggest that the effect was the result of 
enhanced escape of small individuals rather than enhanced capture of large 
individuals in long tows. For larger sized individuals (greater than 64g) there was 
greater agreement among gears and very little impact of tow duration on diversity. 
This study illustrates that the use of short tows and small mesh nets as employed in 
scientific assessment of biodiversity will highlight the biodiversity and conservation 
value of site. By contrast the extensive technical measures enforced on commercial 
gear and the longer tows of commercial fishing function to limit perception of 
biodiversity by fishers. That these effects are strongest in the small size classes may 
only serve to increase the disparity of observation between scientists and fishers as 
to the biodiversity status of the marine environment.  
However, the broad similarity of results for larger sized individuals highlights a region 
of complimentary data collection where fishers’ knowledge and scientific 
observations are similar. Further because of limitations in size for scientific gear and 
mesh in commercial gear, neither gear fully sampled the marine community. Studies 
of biodiversity would therefore benefit from incorporation of data from commercial 
scale (gear and tow) sampling that obtained rare individuals and could be supported 
by fishers knowledge of larger animals.  
This study therefore highlights both a need and opportunity for collaborative 
biodiversity assessment and indicates strong benefits in doing so. Collaborative 
assessment can improve the quality of the data by widening the range species and 
body sizes captured, or enhance credibility through the transparency of joint 
participation. Such projects provide avenues for incorporation of fisher’s knowledge 
in logistics and design or data interpretation and knowledge exchange more 
generally, factors which are cited to lead to better management support. 
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1 INTRODUCTION  
1.1 Background  
Fishing and climate change have been identified as the principal, medium, and long-
term threats to marine biodiversity [1], resulting in pressure for more holistic marine 
management practices. This has been reflected in a move towards Ecosystem 
Based approaches to Management (EBM) [2] that explicitly account for linkage 
among species and between species and habitats and can accommodate 
environmental uncertainty and ecological complexity.  
EBM has been integrated into UK policy, for example the Marine and Coastal Access 
Act (2009) [3] that has explicit aims for biodiversity preservation including the 
establishment of Marine Protected Areas (Marine Conservation Zones) [4], and in 
reorganisation of marine management and enforcement e.g. the integration of all 
marine licensing and regulation under the Marine Management Organisation and the 
evolution of Sea Fisheries Committees into Inshore Fishing and Conservation 
Authorities. However, this shift to ecosystem wide integrated management frequently 
requires data at multiple spatial scales and consideration of species not included in 
conventional management data collection [2,5].The challenge of obtaining such data is 
significant.  
Fishers’ knowledge has been identified as a valuable, but presently underutilised 
data source [6,7] in marine management. While fisher’s can express a narrow 
knowledge of marine diversity relative to more direct interests in the abundance of 
commercial species, they often note changes in the distribution of species through 
time (both seasons and years) and identify the presence or absence of species 
before scientists, particularly where of commercial relevance. Fishers have few 
opportunities to contribute such knowledge [8] and this lack of input has led to fishers’ 
distrust of science and management (although the two are rarely distinguished). This 
situation is exacerbated where fishers’ personal observations contrast with those of 
science, where management for biodiversity or fisheries objectives are indistinctly 
separate or where there is a belief their knowledge may be used against them. 
Reciprocal trust issues arise where the industry has dismissed scientific expertise or 
when compliance (stakeholder buy-in) of science-informed management is low [6,9]. 
A major element of both science-fisher conflict and limited fisher knowledge 
integration is the very different objectives and constraints that respective parties 
experience, factors that significantly influence how and where parties fish. In order to 
maximise profit, commercial fishing practices have evolved to improve efficiency 
within the constraints of an extensive legislative framework which includes input and 
output controls, and technical measures. In contrast, scientific fishing techniques are 
variable, driven by specific hypotheses and usually exempted from technical, effort 
and catch restrictions. Similarly to maximise fishing time and minimise gear handling, 
commercial tows are long relative to scientific tow. Average commercial towing time 
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in the region is ~2-3hrs for <10m and 3 to 5hr >10m vessels inshore [10]. In contrast, 
time and monetary constraints, and the need for statistical replication result in 
scientific trawls that are commonly 30 minutes and as short as 5 minutes [11]. Finally 
while scientists often analyse catch to the resolution of individuals of all species, 
commercial fishers’ interest are principally in commercially relevant sizes of 
marketable species. 
1.2 Rationale 
Differences in fishing practices and objectives can have profound impacts on how 
fishers and scientists perceive the same ecosystems. For example, mesh size or tow 
duration may alter the size distribution and / or species composition and diversity of 
a catch [12-14]. Even observations on the same catch may differ as parties nominally 
assess different elements e.g. monetary or ecological value. 
A collaborative investigation was initiated to assess marine biodiversity as a function 
of fishing practices and protocols, the results of which would allow better 
incorporation of fishers’ expertise into marine science and provide a clearer 
understanding of how scientists and fishers may observe their environment. 
Specifically this study examines the extent to which experiences and knowledge of 
fishers and scientists are a function of their respective trawl procedures, particularly 
tow duration and gear specifications. In doing so this study aims to better align 
observations of the status of marine resources.  
Where consensus on resource condition can be reached through a transparent 
process, there is increased likelihood that stakeholders will agree upon common 
rules for its management [7]. Consensus is more likely when parties work together (to 
collect and interpret data (enhancing transparency), giving a strong rationale for 
including fishers more comprehensively in research and management [10].  
1.3 Objectives 
This study therefore assessed the biodiversity characteristics of trawl catch obtained 
by different fishing procedures to investigate the extent to which commercial and 
scientific fishing practices catch (sample) different aspects of marine communities. 
Specifically, it examines whether catch composition (species numbers, relative 
abundance and size composition) alters with i) tow duration, ii) trawled area and iii) 
gear type. This study was not designed to assess species or stock abundances or 
examine fishery or gear bycatch. The interpretation of the data in such a way would 
be erroneous.  
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2. METHODS  
2.1 Study Area 
Experimental trawling was conducted in the Cambois Bay area offshore of Blyth (NE, 
England) (Figure 1) in March and April 2011. Cambois Bay and it’s surrounds sit 
within the Northumberland Inshore Fisheries and Conservation Authority (NIFCA) 
area of jurisdiction (<6nm offshore) and is subject to extensive anthropogenic 
activities including historical spoil dumping, ongoing commercial fishing (particularly 
>2nm offshore), and potential development for renewable energy.  
Three sites were selected for investigation. One was selected for academic reasons 
to incorporate the Newcastle University Dove time series (a long term plankton 
monitoring site); the remaining two sites were selected by fishers and were only 
constrained by the requirements of the study design e.g. seabed appropriate to the 
fishing gears with 3nm of space. The Little Dahn site (Figure 1) is located on grounds 
over which the local vessels (principally Bylth based vessels) regularly fish and is 
commonly fished in continuum with the Dove site. Skere Edge is the southerly half of 
an inshore trawling path that is also fished by the local fleet. 
 
 
Figure 1. Map of the trawling locations offshore of Blyth NE England with Blyth 
marked in the inset figure (white circle). Maps generated using Google Earth. 
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2.2 Fishing vessel, gear and protocol  
Sampling was conducted by otter trawling at each site. Trawling was conducted at 
circa 2.3knots by the commercial vessel, MFV Crystal River A (Figure 2; length = 
9.9m, power = 130KW, tonnage = 14t) using either a commercial or scientific otter 
trawl. 
 
Figure 2. Motor Fishing Vessel Crystal River A (BH-476) used for the duration of this study on return 
to Port of Blyth  
Differences among fishing gears were principally a function of mesh size and net 
dimensions. The commercial gear was a mixed prawn/whitefish net of a type 
common to the local fleet. It consists of 80mm mesh body and 80mm cod end with 
an 18.0m average wing spread and a 40.0m circumference fishing circle. The 
scientific otter trawl consisted of 90mm mesh net with a 5mm cod end liner. The net 
has an average 9.8m wing spread and a 14.4m circumference fishing circle 
(dimensions discussed are represented in Figure 3). Gear specific trawl doors were 
used in each case.  
Sampling was conducted over 3nm following either as a single 3nm long tow or three 
short tows of 1nm sequentially in line. Tow distance was based on net contact with 
the seabed so paying or hauling the net was not included in tow distance. The vessel 
was repositioned between short tows such that swept seabed in a 3x1nm tow was 
continuous from one tow to the next and totalled 3nm allowing comparison among 
short and long tows. 
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Figure 3. Diagrammatic representation of an otter trawl with the gear measurements defined.  
2.3 Experimental Design  
The experiment assessed the effects of fishing gear, tow length and location. Gear 
(commercial and scientific) and tow length (long (1x3nm) and short (3x1nm)) were 
crossed to create four fishing protocols: multiple short tows with a commercial net, 
single long tows with a commercial net, multiple short tows with a scientific net and 
single long tows with a scientific net. The four protocols were then replicated three 
times at each site making a total of 72 trawls. 
2.4 Data Collection 
Vessel time and position was noted for the start and end of each trawl based on the 
vessel’s GPS. Average tow speed over ground was derived from start and end GPS 
positions and time data. Depth data was derived from the vessel echo sounder.  
Depth was consistent (~5m range) among all tows within each site and between the 
two off-shore sites (Dove and Little Dahn ~55m) with Skere Edge being about 10m 
shallower.  
Faunal catch was sorted at sea to the lowest taxonomic resolution (a species list is 
given in Appendix 1). Taxonomic identification and naming followed Wheeler (1969) 
[15] and Hayward and Ryland (1995) [16]. Common fish species (e.g. dab, plaice, 
lemon sole etc) and invertebrates (e.g. sand crab and Nephrops) were measured at 
sea. If species catch was excessively large, species were sub-sampled for 
measurement with the remainder being counted. The remaining catch was placed on 
ice until return to the laboratory for analysis. 
Standard length was measured for fish to the nearest 5mm. Carapace length or 
width and mantle length were determined to 1mm for crustaceans and cephalopods 
respectively. Individuals for which length was not collected (principally the 
invertebrates e.g. hermit crabs and starfish) were weighted to 0.1g. A sub-sample (a 
random selection taken from the total group) of all species measured by length were 
also weighted. 
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2.5 Data Management 
Weight was calculated for all individuals measured for length based on length-weight 
relationships derived from laboratory measurement (Appendix 2). More general 
North Sea wide length weight-relationships (e.g. [17]) proved inappropriate. 
As tow distances were adhered to accurately no correction was required to the raw 
data for variations tow length. Further, as speeds were well constrained (generally 
2.2kn-2.3kn), tow length is interchangeable with tow duration (1nm and 3nm tows 
equate to 27 minute and 81 minute tows respectively).  
Data was standardised for sub-sampling of individual species as  
Ncounted + Nmeasured = Ncatch 
abundance modifier = Ncatch / Nmeasured 
where N is the number of individuals either counted or had length measured from a 
given tow. Ncounted and Nmeasured sum to the total catch of the species. Where all 
individuals of a species caught were measured, the abundance modifier was 1 i.e. 
one data entry represent 1 individual. In sub-sampled individuals the modifier was 
>1. This modifier was necessary to generate length and weight data for the whole 
trawl catch (a requirement of some analyses). 
Two datasets were then generated; the first dataset focused on the effects of swept 
area (surface area of seabed sampled) and compared the 3nm data to the central 
1nm tow. To standardise for tow length, abundance was scaled to 1nm by dividing 
catch in a 3nm tow by 1/3 (dataset identified as 1/3:3nm). A second dataset focused 
on the effects of tow duration where the 3nm tow was compared to the sum of the 
catch of all 3 individual 1nm tows along a tow path (dataset identified as Σ3x1nm).  
2.6 Statistical analysis 
2.6.1 Abundance Size spectra 
Body size and abundance of individuals in the marine environment are inversely 
related due to differences in energy use and energy transfer efficiency among 
organisms of different sizes. The pattern of abundance by body size (called a size-
spectrum) is linear on a log-log scale. The slope of this line has been proposed as a 
metric for community wide anthropogenic impacts, particularly fishing which 
disproportionately removes large individuals (Figure 4). As a result size-spectra 
slopes become steeper when catch consists of proportionally more small fish e.g. 
due to fishing mortality or gear selectivity and the whole line becomes lower as 
abundance is reduced [18-20].  
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Figure 4 Diagrammatic representation of abundance-size spectra and the use of spectra 
slope as a metric of fishing impact. 
This linear relationship breaks down at small size classes when fishing gear does not 
catch efficiently (i.e. escape of small individuals is high). Thus both the slope of the 
linear element of a size spectra and its breakpoint provide useful information on 
which components of the marine community are being sampled and how effectively 
by a given fishing gear or procedure.  
Abundance-size spectra were calculated by allocating individuals (regardless of 
species) to log2 body mass size classes (SC) based on individual weight (e.g. 1.0g-
1.9g = SC1, 2.0g-3.9g = SC2, 4.0g-7.9g = SC3). The number of individuals per size 
class was then calculated, log2 transformed and plotted against size class. 
The breakpoint of the spectra i.e. where significant inefficacies in sampling occur, 
was identified based on non-conformation to log-log linear expectations. Potential 
differences in size spectra slopes (both above and below the break point) were 
examined by the statistical analyses general linear modelling (GLM-ANCOVA) and 
least squares regression using Minitab15.1 statistical software (Minitab Inc.). 
2.6.2 Diversity Indices 
Diversity may be represented in a number of ways. This study uses three indices of 
diversity: total species (S), Shannon’s Diversity (H’), and Pielou’s species evenness 
(J’).  
S is simply a count of the species sampled. Margalef’s species richness is an 
alternative form that incorporates catch abundance into richness calculations i.e. it 
accounts for the probability that more species will be encountered in a greater catch 
from systems of the same diversity. However, because the results here were similar 
for both indices, the more intuitive total species was retained.  
Shannon’s diversity is described as: 
H’ = -Σ(pi x Log(pi)) 
where pi relative abundance of each species, calculated as the proportion of 
individuals of a given species to the total number of individuals in the community. 
The index incorporated both richness and evenness elements of diversity with lower 
values representing lower species richness and evenness and high values, the 
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inverse. Other biodiversity measures exist that incorporate elements of both richness 
and evenness. Simpsons Diversity Index (1-λ’) for example was also assessed here, 
but interpretation of results did not differ from Shannon’s Diversity (data not shown) 
and only the one was retained. 
Pielou’s species evenness describes how abundance is spread among species in 
the sample i.e. whether there is high dominance of only one or two species and is 
calculated as 
J’ = H’ / Log S 
Where H’ is Shannon’s Diversity and S is total species. For two samples with the 
same number of species, that with the greater evenness (more equal spread of 
individuals) is the more diverse.  
Diversity indices were generated per trawl (3nm and 1nm) and per tow path (1x3nm 
or Σ3x1nm tows) from untransformed abundance by species data using Primer 
6.1.11 with PERMANOVA+ 1.0.1 ecological analysis software (Primer-E Ltd). 
Analysis was by 3 factor Permutational Analysis of Variance (PERMANOVA) [21] with 
factors: gear (fixed factor with 2 levels - commercial and scientific), tow (fixed factor 
with 2 levels - 3nm and Σ3x1nm or 1/3:3nm and 1nm), and location (fixed factors 
with 3 levels - Dove, Little Dahn and Skere Edge). Analysis was based on Bray-
Curtis resemblance matrices for each diversity index, type III sum of squares and 
999 permutations of residuals under the reduced model. 
Significant factors were tested for homogeneity of dispersion (analogous to variance 
tests in analysis of variance) using the PERMANOVA+ PERMDISP routine [21,22] to 
provide insight into mechanisms driving difference in multivariate space. Differences 
in factor “location”, which contained 3 levels, were resolved by pairwise 
PERMANOVA tests [21]. For clarity statistical outputs are given in Appendix 3. 
2.6.3 Catch Composition Analysis 
Differences in the whole trawl catch were assessed by PERMANOVA based on 
Bray-Curtis similarity matrices on untransformed and presence/absence transformed 
data; these transformations placed more weight on common species and rare 
species respectively. Analysis followed the same experimental design as above. 
Homogeneity of dispersion was tested via the PERMDISP routine, and pair-wise 
PERMANOVA used to resolve differences among locations. Species that were most 
responsible for similarities were visualised using distance based redundancy 
analyses (dbRDA) with vector overlay. Statistical outputs are given in Appendix 3. 
2.6.4 Size composition of common species 
The ten dominant species were used to assess effects of gear and tow length on 
size composition of individuals. Differences in mean body size were assessed by 
Analysis of Variance (ANOVA) with a two factor design; gear (fixed factor with 2 
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levels -commercial and scientific), tow (fixed factor with 2 levels - 3nm and 1nm 
tows), with location as a co-variate (size distributions expected to change onshore-
offshore). Although analyses infringed ANOVA assumptions of normality, and on 
occasion equality of variance, analyses were considered robust given the very large 
sample sizes [23] and lack of any borderline significant results. Statistical outputs are 
given in Appendix 3. 
 
3 RESULTS  
3.1 Catch composition  
A total of 95 different species were collected over the sampling programme including 
50 fishes (1 Agnathan, 45 Teleost and 4 Elasmobranch fishes), 22 crustaceans, 9 
echinoderms, 11 molluscs including 3 cephalopod species and representatives of 2 
other phyla including anemones (cnidaria) and the seamouse Aphrodites aculeata 
(polycheate). A number of sessile encrusting species were also caught attached to 
detritus including dead men’s fingers (Alcyonium digitatum), keel worms 
(Pomatoceros spp.) and various sponges and bryozoans but these were excluded 
from analysis.  
71 species were caught in commercial gear and 81 in scientific gear (Appendix 1). Of 
those 14 were unique to the commercial gear and 18 unique to the scientific gear. 
With the exception of the Auger shell (Turritella communis) an unidentified fish larvae 
and hagfish, none of the species exclusive to a particular gear were numerous and 
generally totalled <5 individuals. Species caught exclusively in the scientific gear 
were principally small species (e.g. the sea spiders) or elongate body forms (hagfish, 
snake pipefish). Species exclusive to the commercial gear were principally 
numerically rare, represented by only one individual e.g. monkfish, spiny spider crab 
or the very large e.g. halibut. 
By number of individuals, the total catch across all treatments was dominated by dab 
(14.9%), plaice (10.4%) lemon sole (5.9%) whiting (5.3%), long rough dab (4.1%), 
dragonet (1.7%), pogies (1.5%) and cod (0.4%). Invertebrates were dominated by 
the crustaceans Nephrops which was the most numerous species (24.7% of total 
catch) and sand crab (10.2%). 
3.2 Abundance-Size Spectra Analysis 
3.2.1 At what size do gears sample efficiently? 
Analyses of the abundance spectra suggest that both gears sampled the marine 
community efficiently from approximately size class 6 (SC6, ≥64g) as catch followed 
theoretical expectations of a negative log-log linear relationship (Figure 4). From 
SC6 to SC3 abundance was stable and high. Although this represents increasingly 
inefficient sampling, high retention numbers would have resulted in reasonable 
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sampling of biodiversity over this size range. Below SC3 abundance declined in both 
gears with community coverage considered incomplete at best.  
 
Figure 4. Abundance-Body mass spectra for both commercial and scientific specification 
otter trawls conducted over 3nm either as the sum of three separate 1nm trawls or as one 
3nm trawl. The shaded area represents size classes ≥6 i.e. ≥64g where gear capture 
efficiency is high. 
3.2.2 How does tow duration and gear type impact abundance-size spectra? 
For ≥SC6 (≥64g body mass), tow duration had little impact on either the relative 
abundance by size of individuals or absolute abundance (Table A3.1) although the 
biggest individuals (greater than SC11, >4096g) were only observed in long tows. 
3nm tows caught approximately three times that in 1nm tows such that the slope and 
line height of the size spectra for Σ3x1nm tows and the 3nm tow was similar. Catch 
was greater in commercial gear throughout this size range (Table A3.1) although the 
relationship between abundance and body mass was similar for both gears (Table 
A3.1).  
Below SC6, catch from a single 1nm tow was greater than in 1/3:3nm tow and catch 
in 3nm was less than that in Σ3x1nm tows. Shorter tows therefore result in a higher 
catch per unit tow distance, particularly in small organisms. This discrepancy 
increased with decreasing size (Table A3.1). The rate of efficiency loss differed 
among gears (Table A3.1) such that catch was generally greater in the scientific 
trawl for <SC3 (8g). 
3.3 Diversity Indices 
3.3.1 How is Total Species impacted by fishing protocols? 
Total species counts differed between both gears and tow lengths but were similar 
among locations. A single 1nm trawl caught fewer species than a single 3nm tow 
(Table A3.2.2) but the Σ3x1nm tows caught more species than a single 3nm tow 
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(Table A3.2.1). The scientific gear caught a greater number of species than the 
commercial gear (Tables A3.2.1).  
Differences in S among gears were due to retention of small or elongate species in 
the science net that escaped from in the commercial net. The sandeel, snake 
pipefish, butterfish and hagfish (all with elongate body forms), the small pelagic 
crustacean Spirontocaris lilljeborgi, three small mollusc species and a number of 
hermit crabs species were only observed in the science gear. 
Excluding size classes <SC6 that were poorly sampled by the commercial gear, total 
species was greater in the commercial gear than in the scientific gear (Table A3.2.3). 
This treatment also removed tow length as a significant factor (Table A3.2.3) 
indicating that differences in total species among different tow lengths originate from 
species caught in the smaller size classes. This suggests gear differences were 
under represented by species richness values alone. Species unique to the 
commercial gear included some of the larger and infrequently caught echinoderms 
(e.g. bloody henry, sunstar and common urchin) as well as some larger fishes (e.g. 
lump sucker, dogfish and halibut).  
3.3.2 Does Species Evenness vary with fishing protocols? 
When comparing 3nm and Σ3x1nm tows, only gear type had any influence on 
species evenness (Table A3.3.1), with abundance among species being more evenly 
distributed in scientific gear. Neither location nor tow duration were significant. 
However, there were differences in data dispersion between gears with the 
commercial gear being more variable in estimates of evenness than scientific gear. 
This may in part account for significant gear effects (Table A3.3.1).  
The above significant effect of gear and non-significant effect of location persisted 
when analysis was repeated after exclusion of the under sampled size classes 
(Table 3.3.3) and when long and short tows were compared directly (i.e. 1/3x3nm vs. 
1nm). However evenness differed between 1/3x3nm and 1nm tows, with abundance 
more uniformly spread through catch in shorter tows (Table A3.3.2). 
3.3.3 Can fishing protocol impact diversity? 
Shannon’s Diversity (H’) exhibited similar patterns to species evenness, with greater 
diversity values and lower dispersal in scientific gear compared to commercial gear 
when either 3nm and Σ3x1nm tows or 1/3x3nm and 1nm tows were compared. In 
both analyses location and tow length were non-significant factors (Tables A3.4.1,2). 
Elimination of the under sampled size classes resulted in comparable diversity 
measures amongst gears, whilst diversity amongst locations and tow lengths 
remained unaffected (Tables A3.4.3) indicating that differences in Shannon’s 
diversity were driven by the small size classes. 
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3.4 Trawl Catch Analysis 
3.4.1 Is the Presence /Absence of species influenced by fishing protocol? 
Trawl catch differed between gears and among locations. Differences in dispersion 
(among trawl variability) accounted for some of this differences multivariate space for 
gear type, but, dispersion was similar among locations (Table A3.5.1). Location 
effects were driven by differences in the catch at Skere Edge compared to the other 
two sites; Dove and Little Dahn sites had similar assemblages (Table A3.5.1). Tow 
duration also influenced the catch composition with catch in 1/3:3nm differing from 
that of 1nm (Table A3.5.2). 
Distance based redundancy analysis (dbRDA) exhibited top right bottom left 
separation by location and left right separation by gear (Figure 5). Overlay of vectors 
of correlation illustrated that gear effects were characterised by positive correlation of 
shrimp, squid, hagfish and long rough dab, and a negative correlation of short spined 
sea scorpion for science gear. By contrast, pouting and four-bearded rocking were 
positively correlated and lemon sole, haddock, plaice and queen scallop negatively 
correlated with the separation of Skere Edge from other locations. 
After elimination of the smaller size classes, differences between gears and among 
locations persisted in the presence/absence transformed community (Table A3.5.3), 
although dispersion was more homogenous amongst gears than previously.  
3.4.2 Does fishing protocol impact trawl catch? 
Like the presence absence data, PERMANOVA analysis of untransformed data 
yielded significant differences in trawl assemblage among location and between 
gears, but with no differences in dispersion (Table 3.5.1). Differences among location 
were again between Skere Edge and the other sites, both of which were similar. The 
dbRDA (Figure 6) showed the gear effect in a top right to bottom left split and 
location was exhibited as a tendency for Skere Edge to be place lower vertically in 
the plot whist both the offshore sites were more evenly mixed together.  
Because untransformed data places a strong emphasis on abundance differences 
relative to presence/absence data, different species correlate with trawl 
similarity/dissimilarity. Hagfish and the shrimps were positively correlated with 
science gear and negatively with commercial gear. By contrast pogie, Nephrops, and 
sand crab were positively correlated with the commercial gear. The dominant flat 
fishes, dab, lemon sole and plaice were negatively correlated with Skere Edge whilst 
little cuttlefish were positively correlated with the site. 
Patterns remained the same when considering either 1/3:3nm and 1nm or for 
Σ3x1nm and 3nm for individuals greater than 64g  in that both gear and location 
exhibited significant differences, and location differences stem from Skere Edge 
differing from Little Dahn and Dove sample sites (Tables A3.6.2,3). 
 Figure 5 dbRDA of the presense / absense transformed assemblage data  with vector 
overlay of species with a Pearsons corrolatio
Figure 6 dbRDA of the untransformed assemblage data with vector overlay of species 
with a Pearsons corrolation >0.3
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3.5 Body Size 
All ten abundant species exhibited significant effects of gear on mean body size 
(Table 1).  Mean body size was greater in the commercial gear compared to the 
scientific gear in eight species (dab, plaice, lemon sole, long rough bad, dragonet, 
pogie and whiting) whilst the reverse was true to cod and Nephrops (Table A3.7).  
Table 1. Mean standard length ± 1S.D. of dominant species caught by fish gear and by tow. * = length 
is carapace length (mm) ** length is carapace width (mm).  l.r dab = long rough dab.  
 
Commercial  Scientific 
1nm 3nm  1nm 3nm 
 
 
cod 277 ± 144  359 ± 164   344 ± 148   383 ± 149   
dab 171 ± 27   173 ± 28    149 ± 37   144 ± 38   
dragonet 171 ± 23   172 ± 27    155 ± 32   156 ± 31   
lemon sole 188 ± 27   190 ± 24    163 ± 35   159 ± 33   
l.r. dab 164 ± 28   167 ± 26    143 ± 34   146 ± 32   
Nephrops* 31 ± 8   34 ± 6    35 ± 7   36 ± 8   
Plaice 185 ± 36  181 ± 37   163 ± 46   161 ± 48  
Pogie 121 ± 17   123 ± 17    105 ± 32   105 ± 37   
sand crab** 36 ± 5   35 ± 5    33 ± 7   33 ± 7   
whiting 197 ± 48  219 ± 60  131 ± 39  135 ± 46   
 
 
Four species showed a significant impact of tow duration on mean body size (cod, 
whiting, long rough dab and Nephrops). In all cases mean body size was greater in 
longer tows, with differences being greatest in cod and whiting. The pattern for larger 
fishes with longer tow duration was clearer in the commercial gear probably due to 
the positive selectivity for smaller fish in the scientific gear masking differences 
(Table A3.7). Data on tow duration effects appear to an anomaly as a consequence 
of very high catches including only small Nephrops on 2 consecutive days. 
 
 
 
Figure 7 Length frequency historgrams of the dominant species in the trawl catch by gear 
(commercial gear (dark grey) scientific gear (light grey)). Note the different horizonal 
scales for cod, Nephrops and sand crab. 
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4 DISCUSSION 
4.1 Overview 
Different fishing practices alter catch characteristics of a trawl, influence what 
observations may be made from it and thus how a system is perceived. Clarifying 
these differences is important for example in understanding the scope and bias of 
fishers’ knowledge or scientific sampling, identifying potential conflicts resulting from 
differing observations on the same system and obtaining consensus among 
stakeholders on resource status. 
This study assessed two potential sources of influence; fishing gears (commercial 
and scientific otter trawl) and tow durations (short and long tows) how these factors 
impact the biodiversity characteristics of the catch. The study utilised a collaborative 
approach among scientists, fishers and managers and therefore informs on the 
practical application of a science-industry partnership. 
4.2 What are the impacts of different fishing protocols? 
4.2.1 Abundance-size spectra 
Size spectra were informative in describing the relative catch efficiency of different 
sized individuals by gear type and tow duration. For both gears patterns of 
abundance by size were consistent above >64g suggesting similar capture efficiency 
despite differences in absolute net dimensions. This observation is important for two 
reasons. First it suggests that catch across that size range should be broadly 
comparable among gears and thus so should biodiversity estimates. Second it 
suggests the slope of size spectra is relatively robust among similar gears of 
different size supporting its use as community impact metric [18-20]. 
Below 64g size spectra illustrated a rapid loss of catch efficiency in the commercial 
gear compared to scientific gear and extended size spectra with higher retention of 
small individuals in the science gear. Size spectra therefore represent a good 
visualisation of components of the community being sampled and quickly identify 
areas of contrast. It is hypothesised that the break point is principally determined by 
the body mesh of the net, the slope above the break point a consequence of gear 
design and the rate of efficiency loss below the break point a function of cod end 
mesh. Based in this, the shape of size spectra and thus the biodiversity sampling 
characteristics of other otter trawls may be estimated.   
An alternative explanation for the location of the breakpoint is that this is the size at 
which dominance shifts from invertebrates (<64g) to fish (>64g). These groups 
interact with the gear differently. For fish the sampled area (swept area) tends to be 
between the otter boards, where they are then herded by other gear elements 
towards the net. In contrast, for most invertebrates the swept area is defined by foot 
rope extension only. Unfortunately no correction was possible as door spread and 
foot rope extension were not available. 
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Tow length also impacted the size spectra with a higher catch per unit distance in 
small size classes for short tows, an effect that increases as body size decreases. It 
is proposed that longer tows therefore allow for the disproportionate escape of small 
individuals. It may in part also be caused by the increased hauling distance of 
multiple short tows. Few pelagic species >64g were caught (only several large 
individuals of common squid and herring), pelagic capture would be mostly in the 
smaller size classes.  
Above 64g spectra slope was unaffected by tow length. These results suggest that 
size spectra are robust to changes in tow length where only the log-log linear 
element is used, validating the practise of standardising trawl survey catch for tow 
length (necessary to abundance estimation) and then using data to derive size-
spectra [24]. However, it also highlights the potential for biodiversity estimates to be 
impacted by tow duration, and that these effects are most likely to occur in the 
capture of small species.  
Given that slope was similar between tow lengths above 64g, there was limited 
evidence that longer tows lead to the capture of larger individual. However, the 
largest size class obtained in each trawl was only captured during long tows and this 
effect merits further research.  
4.2.2 Species count, Evenness and Diversity Indices 
Species richness was sensitive to fishing procedures. Size spectra predict that 
biggest differences in diversity should occur by retention of small species. This was 
indeed the case with 17 of 18 species exclusive to the scientific gear being <64g, the 
exception being larger hagfishes. Similar effects of mesh size on catch diversity have 
been observed elsewhere. For example cod end mesh size is known to be inversely 
related to bycatch diversity [13] and to impact richness estimates from gears sampling 
species as diverse as benthopelagic deep sea fishes [25] and mesozooplankton [26].  
Differences between gears were slightly larger than suggested by S alone as a 
number of species were also unique the commercial gear. This included larger 
bodied species or species swimming higher in the water column (e.g. dogfish, halibut 
and lump sucker) possibly a consequence of net mouth height. Other species unique 
to the commercial gear included lobster, small monk fish and several echinoderm 
species. Most were exceedingly rare in the data set represented by only one 
individual. Unfortunately it is not possible to separate whether gear design 
(selectivity), the greater swept area (integration of more spatial variation) or the 
greater catch magnitude (increased probability of encounter within a given area) 
account for the catch of these species. 
That single short tows obtained less species than a long tow is in line with 
expectations that more species are found in a larger search area if all other factors 
are equal [13]. However, species richness was not just a function of swept area 
because species S was higher when the 3x1nm tows were summed to integrate data 
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to the same spatial scale as the 3nm tow. Two potential mechanisms may explain 
this. First, for multiple short tows the gear spent disproportionately more time in the 
water column that might enhance the capture of pelagic species. Secondly, shorter 
tows were more effective at sampling small species and thus resulted in increased 
probability of sampling rare species in these size classes.  
A single short 1nm tow still sampled a large proportion of total species present in the 
longer 3nm tow. Extending a tow from 1nm to 3nm typically increased S by only 
18%. Similarly, trials doubling the International Bottom Trawl Survey tow duration 
resulted in only a 20% increase in total species count [27]. This combined with 
observations that multiple short trawls obtained a greater number of species than 
single long tows over the same swept area suggest that short tows are particularly 
effective for investigating the diversity (e.g. [14]). 
Although species composition differed among locations as identified by differences in 
the catch analysis (discussed below), diversity measures were similar. This was 
assumed to reflect the small differences in diversity measures across the separation 
distance (~3nm) given the spatial scale of sampling (1-3nm) and the natural 
variability in marine systems. 
4.2.3 Trawl catch composition 
Presence/absence and untransformed multivariate analyses of the trawl assemblage 
presented similar patterns, with differences in the catch composition as a result of 
both gear and location. The cause of some of these differences is relatively clear for 
example different patterns in size selectivity. However, gear effects were not a 
function of net size alone as excluding the small size classes did not negate the 
significant gear effect. Differences could be quite subtle and differ even for nominally 
similar species. For example the scientific gear had a positive selection for the 
flatfish long rough dab, whilst the commercial gear showed a stronger selection for 
plaice.  
Such gear specific differences are believed a consequence of a large number small 
differences among nets that could not be controlled for. These range from materials 
used in specific gear components, how the net moves when hauling or differences in 
net size and shape and how these interact with fish behaviour. The consequence of 
this is that the catching character of every trawl differs slightly. This is the principle 
reason why scientific survey utilises only one gear design over many years. A 
consequence for participatory research is the impact variations in net selectivity have 
on data quality. It may be necessary for example to use a single vessel and gear for 
the entire survey, or if the survey is to occur over extended periods, for a standard 
gear to be provided to the commercial vessel(s) conducting the survey.     
That the Skere Edge differs from the Dove and Little Dahn sites is in line with it 
shallower water depth and more inshore location. However, because sites were not 
replicated inshore it was impossible to determine if this was a depth effect or an 
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effect of location per se. The presence/absence data suggests that the species 
responsible for driving location difference were not the same amongst gears i.e. that 
community differs throughout the ranges of size sampled. Untransformed data, 
which gives more weight to abundance, indicated that differences between Skere 
Edge and the other sites were driven by reduced catches of flat fish (plaice, lemon 
sole and dab) and higher catches of brown shrimp catch which are known to be a 
shallow water species [16]. 
4.2.4 Fish body size 
That mean body size was greater in the majority of species in the commercial gear is 
consistent with patterns of capture efficiency observed in size spectra i.e. that 
retention of small bodies individuals is low in commercial gear relative to the 
scientific gear. This is in line with extensive data on the use of cod end mesh 
restrictions as a technical measure to reduce by catch of undersize individuals.  
Effects of tow duration on mean body size by species were weak over the tow 
lengths measured. Only 4 of 10 species exhibited significant differences in size 
among tow durations. Swimming trials have demonstrated that larger individuals of a 
species tend to exhibit higher sustained swimming speeds [28] although the extent of 
this ability is species specific. Northern shrimp and Greenland halibut mean and 
maximum length were both unaffected by tow duration [29], as were the size ranges 
of abundant estuarine species sampled by Rotherham et al (2008) [14]. Differences in 
size with tow duration were particularly pronounced in both the gadoids, nominally 
the best swimmer of the 10 species tested. It is likely that the effect of tow duration 
on Nephrops body size is an artefact of the capture of a large number of small 
Nephops over two consecutive days. Exclusion of these two days negated any size 
effects for the species.  
It is also interesting to note that effects of tow duration on fish body size were both 
larger and more consistent in the commercial gear, although not always significantly 
different. This may reflect specific gear design elements like, net height, the advance 
of the headline over the foot rope or the length of the wings relative to the fishing 
circle that impact probability of net evasion. If adept swimmers have a higher 
probability of evading the smaller science net in their final escape attempt before 
tiring then this would serve to reduce the effect of tow duration in this gear. 
 
4.3 Commercial fishers’ involvement in biodiversity research 
The waters within 6nm that fall under the jurisdiction of the IFCAs are amongst the 
most dynamic and varied in the UK. They include dramatic changes in biodiversity as 
a consequence of depth, riverine input and coastal land. With the increased focus on 
preserving marine biodiversity comes an associated requirement for its monitoring 
and a concomitant requirement for vessel time.  
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There is considerable potential in using current fishing fleet capacity and the 
associated knowledge and experience of commercial skippers in support of 
biodiversity research. The experience gained within this project has lead to the 
following recommendations and comments: 
Project Establishment 
Where there is no track record of collaboration among parties, intermediaries may be 
required to assist with initial communication, contacts and potentially the 
development of trust. Intermediaries may include ex-fishers now present in other 
roles (e.g. research vessel crew or IFCAs officers) or fishers with prior experience of 
participatory research. 
This project consulted with fishers early in the project design process. This allowed 
for clarification and agreement of project objectives and for discussion on what data 
was to be sought and how it was to be used. Fishers would not support a project 
where there was suspicion over how the data might be used. 
Skippers’ experience in vessel budgeting and logistics of work should be 
incorporated in project planning at the earliest opportunity to assess logistical and 
economic feasibility of studies. For example discussion was necessary to determine 
transit durations, the number of tows that could be conducted in a day, estimated 
catch volumes, determination of possible sampling sites based on knowledge of 
seabed type, obstacles etc.  
Field Work 
Commercial vessels represent excellent sampling platforms and may be better 
designed for specific gear types than more generic research, survey or patrol 
vessels. For example the availability of multiple net drums allowed for the storage 
and easy deployment of both gears onboard, a task that would have been much 
more challenging on a research vessel were deck space is multi-purpose. Further, 
commercial vessels are particularly suited to larger volume sampling where a lot of 
individual trawls are required or where tows are for extended duration or where there 
is a need to retain catch for further analysis.  
A commercial vessel may have a degree of flexibility as to when and over what 
duration activities are undertaken that can be absent from science or patrol vessels 
with commitments to other projects and activities. For example prior and ongoing 
collaborative work with the IFCAs has highlighted challenges in meeting extended 
sciences programmes whilst maintaining enforcement roles. 
Working with commercial crew on deck has a number of advantages including the 
speed and efficiency with which crew can conduct familiar work deploying gear or 
sorting catch, the opportunity for knowledge exchange within that environment for 
example talking over the sorting table and critically the transparency of the activity.    
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Data Interpretation 
Although not usually formulated as testable hypotheses, fishers have extensive prior 
knowledge that is currently inefficiently utilised in the design of scientific studies. For 
examples fishers identified analysis issues of standardising swept area among fishes 
and invertebrates or temporal and spatial factors affecting catch e.g. tides on the 
catch of Nephrops [30], that led to either improvement in data analysis and or 
identified a need for further research. 
Although it is common for data analysis to be the role of scientific partners, this 
project provided opportunities for discussion of results that allowed fisher to provide 
insight for data interpretation or alternative mechanisms and explanations for 
observations. Partners also acted as peer reviewers of each other’s knowledge for 
example exploring how robust respective observations and conclusions were based 
on different perspectives. 
Finally fishers can play a key role in critical review and in dissemination of 
information to their peers. For example fishing activities and observations of catch 
were discussed between the project vessel and vessels in the area whilst sampling 
was underway. This served both to disseminate project observations and to obtain 
commercial catch rates that provided context for the projects catch.  
 
5. CONCLUSIONS 
This study highlight strong gear effects on all characteristics of the trawl assemblage 
from species richness to mean body size. Effects of tow duration on catch over the 
times range assessed were generally minor, although effects on the total number of 
species were observed particularly for small individuals. This creates and inherent 
problem in management as the potential for contrasting observations even on the 
same system is high as a consequence of differences in gear selectivity and tow 
duration.  
Through this collaborative study it was possible to examine what differences in catch 
occur and thus identify biases in knowledge or perception and identify areas of 
overlap. This study illustrates that neither scientific nor commercial trawling 
procedures in isolation prove a comprehensive picture of biodiversity. It also offers a 
good example of collaboration between both fishermen and scientists to improve 
data quality and transparency. While not all hypotheses will be amenable to such an 
approach when appropriate they may be exceedingly valuable. The assessment 
undertaken here could be used more generally to provide a framework for analysing 
data collected by different methods or by different parties and would be useful when 
‘facts’ are disputed 
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Perceptions of the marine ecosystem can be changed and conflicts over the 
legitimacy of knowledge can be resolved through collaborative research. 
Collaboration between fishers and scientists is a two-way learning process; fishers 
are involved in the design and collection of scientific data and scientists can learn 
from fishermen subtleties in gear design/ deployment that are crucial to the 
interpretation of results. Collaborative research will hopefully build a common 
understanding between fishers and scientists, making a consensus on marine 
management objectives more achievable. In addition to collaboration there are 
several significant practical and logistical reasons to look to fishers as a platform for 
research, i.e. it may be a cost effective way of monitoring biodiversity specifically or 
the marine environment more generally. 
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8. APPENDICES 
8.1 Appendix 1: List of species names 
Species Common name Commercial Scientific 
    
Crustaceans    Atellocycles rotundatus Circular crab X X 
Cancer pagurus Edible crab X X 
Goneplax rhomboides Angular crab X X 
Liocarcinus depurator Sand crab X X 
Crangon crangon Brown shrimp X X 
Pandalus montagui Pink shrimp X X 
Processa edulis A shrimp . X 
Spirontocaris lilljeborgi A shrimp . X 
Galathea squamifera A squat lobster X . 
Homarus gammarus European lobster X X 
Munida rugosa Rugose squat lobster X X 
Nephrops norvegicus Norway lobster  X X 
Hyas araneus Great spider crab X . 
Hyas coarctatus Toad spider crab . X 
Inachus dorsettensis Scorpion spider crab X X 
Macropodia rostrata Common spider crab X X 
Diogeneus pugilator South claw hermit crab . X 
Pagerus bernhardius Common hermit crab X X 
Pagerus cuanensis A hermit crab . X 
Pagerus prideauxi A hermit crab . X 
    
Echinoderms    Asterias rubens Common starfish X X 
Asterina gibbosa  Cushion star X X 
Astrospecten irregularis Sandstar X X 
Crossaster papposus Common sunstar X . 
Henricia oculata  Bloody henry X . 
Luidia sarsi A starfish X . 
Echinocardium cordatum Sea potato . X 
Echinus esculentus Common sea urchin X . 
Ophiura fragalis A brittle star X X 
Ophiura ophiura A brittle star X X 
    
Molluscs    Loligo vulgaris Common squid X X 
Eledone cirrhosa Smooth octopus X X 
Sepiola atlantica Little cuttlefish X X 
Acanthocardia echinata  Prickly cockle . X 
Aequipecten opercularis Queen scallop X X 
N/A bivalve spp. 1 . X 
N/A bivalve spp. 2 . X 
Pecten maximus King scallop X X 
Aporrhais pespelecani Pelican's foot X X 
Buccinum undatum Common whelk X X 
Turritella communis Auger shell . X 
    
Other Invertebrates    Urticina felina Anemone X X 
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Aphrodita aculeata Sea mouse X X 
    
Jawless Fishes    Myxine glutinosa Atlantic hagfish . X 
    
Elasmobranchs    Amblyraja radiata Starry ray X X 
Leucoraja naevus Cuckoo Ray X X 
Raja montagui Spotted ray X . 
Scyliorhinus canicula Lesser spotted dogfish X X 
    
Teleost Fishes    Ammodytes marinus Raitt’s Sandeel . X 
Ammodytes tobianus Lesser sand eel X X 
Aspitrigla cuculus Red gurnard X X 
Chelidonichthys lucernus Tub gurnard X X 
Eutrigla gurnardus Grey gurnard X X 
Arnoglossus laterna Scaldfish X . 
Buglossidium luteum Solenette . X 
Glyptocephalus cynoglossus Witch X X 
Hippoglossoides platessoides Long rough dab X X 
Hippoglossus hippoglossus Halibut X . 
Lepidorhombus whiffiagonis Megrim . X 
Limanda limanda Dab X X 
Microstomus kitt Lemon sole X X 
Platichthys flesus European flounder X X 
Pleuronectes platessa European plaice X X 
Psetta maxima Turbot X X 
Scophthalmus rhombus Brill X X 
Solea solea Dover sole X X 
Gadus morhua Atlantic cod X X 
Melanogrammus aeglefinus Haddock X X 
Merlangius merlangus Whiting X X 
Pollachius virens Coley  X X 
Trisopterus esmarkii Norway pout X X 
Trisopterus luscus Pouting X X 
Trisopterus minutus Poor cod X X 
Enchelyopus cimbrius 4 bearded rockling X X 
Gaidropsarus vulgaris 3 bearded rockling X X 
Clupea harengus Atlantic herring X X 
Sprattus sprattus European sprat X X 
Agonus cataphractus Pogie X X 
Callionymus lyra Common dragonet X X 
Cyclopterus lumpus Lumpsucker X . 
Echiichthys vipera Lesser weever X X 
Liparis liparis Snailfish X X 
Lophius piscatorius Anglerfish X . 
Lumpenus lampretaeformis Snake blenny . X 
Mullus surmuletus  Red mullet X X 
Myoxocephalus scorpius Short-spine sea scorpion X X 
Taurulus bubalis Long-spine sea scorpion . X 
N/A fish larvae spp.1 . X 
N/A fish larvae spp.2 . X 
Pholis gunnellus Butterfish . X 
Zeus faber John Dory . X 
8.2 Appendix 2: Length weight relationships for common fishes 
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The use of pre-published length-weight relationships e.g. Robinson et al (2010)[16] 
were assessed in the early stages of the project. However, these proved inaccurate 
for the local of sampling.  
Table A2.1 Length weight relationships for species within the trawl catch following 
the equation log10 Wt = slope*Log10 SL + intercept, where Wt is body mass in grams, 
and SL is standard length in mm. 
      
spp. R2 n P-value intercept slope 
      
      
Brill 0.9049 8 <0.001 -4.66513 3.011589 
Cuckoo ray 0.9708 14 <0.001 -5.49384 3.111461 
Cod 0.9956 144 <0.001 -5.15155 3.092823 
Coley 0.9905 10 <0.001 -5.1982 3.097833 
Dab 0.9760 242 <0.001 -5.32855 3.252795 
Dover sole 0.9727 18 <0.001 -4.83785 2.983889 
Dragonet 0.9471 135 <0.001 -4.32071 2.717521 
Flounder 0.9072 89 <0.001 -4.44858 2.873576 
Grey gurnard 0.9559 41 <0.001 -4.81746 2.972376 
Haddock 0.9637 82 <0.001 -5.02918 3.018822 
Hagfish 0.8739 36 <0.001 -4.98324 2.603460 
Herring 0.9696 68 <0.001 -4.97911 2.989520 
Lemon sole 0.9356 132 <0.001 -4.57213 2.910322 
Long rough dab 0.9561 149 <0.001 -4.85577 2.958145 
Plaice 0.9741 279 <0.001 -4.81171 3.016043 
Pogie 0.9332 271 <0.001 -5.25262 3.163709 
Pouting 0.9756 21 <0.001 -5.46415 3.288859 
Red mullet 0.9001 13 <0.001 -4.90739 3.073071 
Short spine sea scorpion 0.9614 11 <0.001 -4.58275 3.002155 
Sprat 0.9510 98 <0.001 -5.37342 3.208044 
Tub gurnard 0.9947 9 <0.001 -4.72799 2.966507 
Turbot 0.9909 9 <0.001 -3.41384 2.557595 
Whiting 0.9862 197 <0.001 -5.20921 3.094175 
Witch 0.9721 14 <0.001 -4.15196 2.663428 
      
 
 
 
 
 
8.3 Appendix 3: Statistical Output Tables 
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Table A3.1 Statistical output relating to analysis of abundance-size spectra. a) to d) 
are general linear models of testing whether the size spectra slope from size class 6 
and greater was similar among tow lengths (commercial gear = a), science gear = 
b)) or for a given tow length slope differed amongst gears (Σ3x1nm = c), 3nm = d)). 
Tests e) and f) are linear regression output for a significant effect of size class on the 
difference between Σ3x1nm and 3nm catches for commercial gear (e)) and science 
gear (f)). 
            
Source DF Seq SS Adj MS F P DF Seq SS Adj MS F P 
            
            
a) b) 
tow 1 1.40 0.03 0.10 0.756 1 1.67 0.37 0.86 0.377 
Log2 SC 1 236.50 234.97 845.15 <0.001 1 141.79 137.94 319.06 <0.001 
tow*Log2 SC 1 0.03 0.03 0.11 0.741 1 0.47 0.47 1.09 0.323 
Residual 11 3.06 0.28 9 3.89 0.43 
Total 14 240.99 12 147.82 
c) d) 
gear 1 0.30 0.03 0.07 0.795 1 0.62 0.57 1.88 0.197 
Log2 SC 1 172.64 156.98 386.99 <0.001 1 205.95 196.55 655.48 <0.001 
tow*Log2 SC 1 0.16 0.16 0.40 0.544 1 0.04 0.04 0.14 0.711 
Residual 9 3.65 0.41 11 3.30 0.30 
Total 12 176.75 14 209.91 
e) f) 
Regression 1 2.40 2.40 15.63 0.011 1 1.89 15.46 0.006 
Residual 5 0.77 0.15 7 0.12 
Total 6 3.16 8 
                        
 
 
 
 
 
 
 
 
 
Table A3.2.1-3 Total species count (S) statistical summaries of “Gear” (ge: 
Commercial vs, Scientific), “Location” and “Tow” (to). Factor tow differed among data 
sets and were 3nm and Σ3x1nm (Table A), 1/3:3nm and 1nm (Table B) and 3nm and 
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Σ3x1nm of data from 64g and above (Table C). i) includes details the univariate 
PERMANOVA of total species count on untransformed data with Bray-Curtis 
resemblance. ii) Shows PERMDISP analysis of dispersion of significant factors. 
Significant differences are highlighted in bold.  
Table A3.2.1 
A) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 322.03 322.03 10.698 0.006 
Tow (to) 1 253.97 253.97 8.437 0.007 
Location (lo) 2 130.40 65.20 2.166 0.124 
gexto 1 83.70 83.70 2.781 0.111 
gexlo 2 98.30 49.15 1.633 0.202 
toxlo 2 4.93 2.46 0.082 0.955 
gextoxlo 2 147.95 73.98 2.458 0.119 
Residual 24 722.43 30.10 
Total 35 1763.70 
ii) 
ge dispersion 1,34 0.670 0.442 
to dispersion 1,34 0.204 0.664 
 
Table A3.2.2 
B) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 565.75 565.75 18.277 0.001 
Tow (to) 1 1491.90 1491.90 48.199 0.001 
Location (lo) 2 50.90 25.45 0.822 0.424 
gexto 1 19.49 19.49 0.630 0.441 
gexlo 2 123.33 61.67 1.992 0.162 
toxlo 2 22.97 11.49 0.371 0.708 
gextoxlo 2 25.27 12.64 0.408 0.663 
Residual 24 742.89 30.95 
Total 35 3042.50 
ii) 
ge dispersion 1,34 0.098 0.782 
to dispersion 1,34 0.422 0.525 
 
 
 
Table A3.2.3 
C) 
Source df SS MS Pseudo-F P(perm) 
35 
 
i) 
ge 1 1904.60 1904.60 27.555 0.001 
to 1 21.61 21.61 0.313 0.608 
lo 2 322.96 161.48 2.336 0.104 
gexto 1 74.24 74.24 1.074 0.297 
gexlo 2 341.04 170.52 2.467 0.097 
toxlo 2 6.75 3.37 0.049 0.977 
gextoxlo 2 66.42 33.21 0.480 0.634 
Residual 24 1658.90 69.12 
Total 35 4396.40 
ii) 
ge dispersion 1,34 0.250 0.659 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table A3.3.1-3 Pielou’s Evenness (J’) statistical summaries of “Gear” (ge: 
Commercial vs. Scientific), “Location” and “Tow” (to). Factor tow differed among data 
sets and were 3nm and Σ3x1nm (Table A), 1/3:3nm and 1nm (Table B) and 3nm and 
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Σ3x1nm of data from 64g and above (Table C). i) includes details the univariate 
PERMANOVA of species evenness on untransformed data with Bray-Curtis 
resemblance. ii) Shows PERMDISP analysis of dispersion of significant factors and 
where appropriate. Significant differences are highlighted in bold.  
Table A3.3.1 
A) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 1094.30 1094.30 17.066 0.001 
Tow (to) 1 20.84 20.84 0.325 0.614 
Location (lo) 2 39.51 19.75 0.308 0.769 
gexto 1 13.47 13.47 0.210 0.697 
gexlo 2 62.47 31.23 0.487 0.638 
toxlo 2 17.28 8.64 0.135 0.921 
gextoxlo 2 181.87 90.94 1.418 0.263 
Residual 24 1539.00 64.13 
Total 35 2968.80 
ii) 
ge dispersion 1,34 8.914 0.004 
 
Table A3.3.2 
B) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 899.51 899.51 26.176 0.001 
Tow (to) 1 2104.80 2104.80 61.252 0.001 
Location (lo) 2 43.05 21.53 0.626 0.543 
gexto 1 31.03 31.03 0.903 0.360 
gexlo 2 151.63 75.82 2.206 0.141 
toxlo 2 29.52 14.76 0.430 0.667 
gextoxlo 2 8.18 4.09 0.119 0.932 
Residual 24 824.72 34.36 
Total 35 4092.50 
ii) 
ge dispersion 1,34 0.091 0.741 
to dispersion 1,34 1.462 0.278 
 
 
 
 
Table A3.3.3 
C) 
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Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 339.10 339.10 12.935 0.003 
Tow (to) 1 19.21 19.21 0.733 0.432 
Location (lo) 2 29.96 14.98 0.572 0.613 
gexto 1 13.44 13.44 0.513 0.483 
gexlo 2 114.12 57.06 2.177 0.125 
toxlo 2 41.82 20.91 0.798 0.482 
gextoxlo 2 47.06 23.53 0.897 0.428 
Residual 24 629.17 26.22 
Total 35 1233.90 
ii) 
ge dispersion 1,34 5.520 0.039 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table A3.4.1-3 Shannon Diversity (H) statistical summaries of “Gear” (ge: 
Commercial vs, Scientific), “Location (lo)” and “Tow” (to). Factor tow differed among 
data sets and were 3nm and Σ3x1nm  (Table A), 1/3:3nm and 1nm (Table B) and 
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3nm and Σ3x1nm of data from 64g and above (Table C). i) includes details the 
univariate PERMANOVA of species richness on untransformed data with Bray-Curtis 
resemblance. ii) Shows PERMDISP analysis of dispersion of significant factors and 
where appropriate. Significant differences are highlighted in bold.  
Table A3.4.1 
A) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 1472.20 1472.20 25.639 0.001 
Tow (to) 1 4.75 4.75 0.083 0.862 
Location (lo) 2 83.92 41.96 0.731 0.496 
gexto 1 21.21 21.21 0.369 0.600 
gexlo 2 111.24 55.62 0.969 0.419 
toxlo 2 13.62 6.81 0.119 0.933 
gextoxlo 2 107.41 53.70 0.935 0.404 
Residual 24 1378.10 57.42 
Total 35 3192.50 
ii) 
ge dispersion 1,34 9.356 0.003 
  
 
Table A3.4.2 
B) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 1013.20 1013.20 23.419 0.001 
Tow (to) 1 2.56 2.56 0.059 0.891 
Location (lo) 2 54.56 27.28 0.631 0.569 
gexto 1 106.13 106.13 2.453 0.148 
gexlo 2 98.85 49.42 1.142 0.347 
toxlo 2 24.48 12.24 0.283 0.775 
gextoxlo 2 67.41 33.71 0.779 0.507 
Residual 24 1038.40 43.27 
Total 35 2405.60 
ii) 
ge dispersion 1,34 2.811 0.170 
  
 
 
 
 
Table A3.4.3 
C) 
Source df SS MS Pseudo-F P(perm) 
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i) 
Gear (ge) 1 8.62 8.62 0.260 0.632 
Tow (to) 1 32.16 32.16 0.971 0.336 
Location (lo) 2 72.57 36.29 1.095 0.345 
gexto 1 41.64 41.64 1.257 0.268 
gexlo 2 17.02 8.51 0.257 0.776 
toxlo 2 43.57 21.78 0.658 0.503 
gextoxlo 2 93.44 46.72 1.410 0.243 
Residual 24 795.02 33.13 
Total 35 1104.00 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table A3.5.1-3 Statistical summaries of analyses on the presence/absence 
transformed trawl catch. “Gear” (ge: Commercial vs, Scientific), “Location” (lo: Dove 
(D), Little Dahn (LD), Skere Edge (SE)). Factor “Tow” (to) differed among data sets. 
Levels of factor “Tow” were 3nm and Σ3x1nm (Table A), 1/3:3nm and 1nm (Table B) 
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and 3nm and Σ3x1nm of data from 64g and above (Table C). i) Includes details the 
univariate PERMANOVA of catch on presence/absence data with Bray-Curtis 
resemblance. ii) Shows PERMDISP analysis of dispersion of significant factors and 
iii) exhibits the results of pair-wise PERMANOVA tests of. Significant differences are 
highlighted in bold.  
 
Table A3.5.1 
A) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 3831.90 3831.90 8.490 0.001 
Tow (to) 1 662.84 662.84 1.469 0.169 
Location (lo) 2 3120.30 1560.20 3.457 0.001 
gexto 1 441.57 441.57 0.978 0.456 
gexlo 2 863.16 431.58 0.956 0.521 
toxlo 2 652.07 326.04 0.722 0.813 
gextoxlo 2 605.74 302.87 0.671 0.850 
Residual 24 10833.00 451.37 
Total 35 21010.00 
ii) 
ge dispersion 1,34 6.909 0.013 
lo dispersion 2,33 0.796 0.447 
iii) 
D vs. LD 1.092 0.310 
D vs. SE 2.070 0.002 
LD vs. SE 2.189 0.001 
  
  
 
 
 
 
 
 
 
 
Table A3.5.2 
B) 
Source df SS MS Pseudo-F P(perm) 
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i) 
Gear (ge) 1 4528.00 4528.00 9.675 0.001 
Tow (to) 1 1691.20 1691.20 3.614 0.003 
Location (lo) 2 2954.10 1477.00 3.156 0.002 
gexto 1 454.00 454.00 0.970 0.483 
gexlo 2 911.98 455.99 0.974 0.475 
toxlo 2 707.56 353.78 0.756 0.730 
gextoxlo 2 662.26 331.13 0.708 0.795 
Residual 24 11232.00 468.01 
Total 35 23141.00 
ii) 
ge dispersion 1,34 3.067 0.104 
to dispersion 1,34 1.931 0.176 
lo dispersion 2,33 0.539 0.576 
iii) 
D vs. LD 1.210 0.158 
D vs. SE 1.999 0.004 
LD vs. SE 2.044 0.003 
  
  
 
Table A3.5.3 
C) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 2563.10 2563.10 4.045 0.001 
Tow (to) 1 895.68 895.68 1.414 0.211 
Location (lo) 2 4032.80 2016.40 3.182 0.002 
gexto 1 594.02 594.02 0.937 0.487 
gexlo 2 1234.20 617.11 0.974 0.464 
toxlo 2 717.86 358.93 0.566 0.883 
gextoxlo 2 668.07 334.04 0.527 0.898 
Residual 24 15208.00 633.68 
Total 35 25914.00 
ii) 
ge dispersion 1,34 3.067 0.104 
lo dispersion 2,33 0.035 0.965 
iii) 
D vs. LD 0.891 0.632 
D vs. SE 1.985 0.001 
LD vs. SE 2.214 0.002 
  
 
 
Table A3.6.1-3 Statistical summaries of analyses on the untransformed trawl catch. 
“Gear” (ge: Commercial vs, Scientific), “Location” (lo: Dove (D), Little Dahn (LD), 
Skere Edge (SE)). Factor “Tow” (to) differed among data sets. Levels of factor “Tow” 
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were 3nm and Σ3x1nm (Table A), 1/3:3nm and 1nm (Table B) and 3nm and Σ3x1nm 
of data from 64g and above (Table C). i) Includes details the univariate 
PERMANOVA of catch on untransformed data with Bray-Curtis resemblance. ii) 
Shows PERMDISP analysis of dispersion of significant factors and iii) exhibits the 
results of pair-wise PERMANOVA tests of. Significant differences are highlighted in 
bold.  
Table A3.6.1 
A) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 13338.00 13338.00 8.779 0.001 
Tow (to) 1 1945.30 1945.30 1.280 0.237 
Location (lo) 2 6123.90 3062.00 2.015 0.035 
gexto 1 943.77 943.77 0.621 0.716 
gexlo 2 2600.10 1300.10 0.856 0.579 
toxlo 2 1219.90 609.96 0.401 0.953 
gextoxlo 2 871.03 435.52 0.287 0.997 
Residual 24 36465.00 1519.40 
Total 35 63507.00 
ii) 
ge dispersion 1,34 1.872 0.207 
lo dispersion 2,33 0.471 0.688 
iii) 
Location D vs. LD 0.729 0.786 
D vs. SE 1.671 0.023 
LD vs. SE 1.648 0.026 
  
  
 
 
 
 
 
 
 
 
 
Table A3.6.2 
B) 
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Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 12142.00 12142.00 7.656 0.001 
Tow (to) 1 1081.40 1081.40 0.682 0.682 
Location (lo) 2 6309.90 3155.00 1.989 0.040 
gexto 1 830.32 830.32 0.524 0.800 
gexlo 2 2991.40 1495.70 0.943 0.487 
toxlo 2 1196.00 598.01 0.377 0.985 
gextoxlo 2 588.85 294.42 0.186 1.000 
Residual 24 38064.00 1586.00 
Total 35 63204.00 
ii) 
ge dispersion 1,34 0.055 0.821 
lo dispersion 2,33 0.422 0.525 
iii) 
Location D vs. LD 0.736 0.780 
D vs. SE 1.701 0.027 
LD vs. SE 1.586 0.033 
  
 
Table A3.6.3 
C) 
Source df SS MS Pseudo-F P(perm) 
i) 
Gear (ge) 1 10481.00 10481.00 10.727 0.001 
Tow (to) 1 713.02 713.02 0.730 0.609 
Location (lo) 2 8465.80 4232.90 4.332 0.001 
gexto 1 300.64 300.64 0.308 0.947 
gexlo 2 2625.20 1312.60 1.343 0.200 
toxlo 2 945.68 472.84 0.484 0.914 
gextoxlo 2 1125.20 562.61 0.576 0.856 
Residual 24 23449.00 977.05 
Total 35 48105.00 
ii) 
ge dispersion 1,34 0.033 0.870 
lo dispersion 2,33 2.166 0.259 
iii) 
Location D vs. LD 0.808 0.652 
D vs. SE 2.755 0.001 
LD vs. SE 2.335 0.003 
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Table A3.7 Statistical output of General Linear Modelling exploring factors explaining 
variation in fish body size for the 10 most common species in the trawl catch. LR Dab = Long 
Rough Dab 
                
Species Source DF Seq SS Adj SS Adj MS F P 
                
Whiting Location (lo) 1 112993.0 17123.0 17123.0 8.16 0.004 
Gear (ge) 1 2471675.0 2451623.0 2451623.0 1168.33 <0.001 
Tow (to) 1 51294.0 77264.0 77264.0 36.82 <0.001 
gexto 1 38095.0 38095.0 38095.0 18.15 <0.001 
Residual 2183 4580794.0 4580794.0 2098.0 
Total 2187 7254852.0 
Pogie Location (lo) 1 38.2 1.0 1.0 0.00 0.961 
Gear (ge) 1 29571.0 29877.0 29877.0 67.79 <0.001 
Tow (to) 1 601.2 147.2 147.2 0.33 0.563 
gexto 1 73.9 73.9 73.9 0.17 0.682 
Residual 795 350394.1 350394.1 440.7 
Total 799 380678.4 
Plaice Location (lo) 1 210239.0 178075.0 178075.0 111.85 <0.001 
Gear (ge) 1 294257.0 264902.0 264902.0 166.39 <0.001 
Tow (to) 1 588.0 649.0 649.0 0.41 0.523 
gexto 1 89.0 89.0 89.0 0.06 0.814 
Residual 2872 4572465.0 4572465.0 1592.0 
Total 2876 5077637.0 
LR Dab Location (lo) 1 73812.0 40147.0 40147.0 41.75 <0.001 
Gear (ge) 1 161501.0 156879.0 156879.0 163.14 <0.001 
Tow (to) 1 4133.0 4333.0 4333.0 4.51 0.034 
gexto 1 227.0 227.0 227.0 0.24 0.627 
Residual 1902 1828992.0 1828992.0 962.0 
Total 1906 2068664.0 
Lemon sole Location (lo) 1 42383.0 8634.0 8634.0 9.71 0.002 
Gear (ge) 1 384817.0 381369.0 381369.0 428.85 <0.001 
Tow (to) 1 473.0 697.0 697.0 0.78 0.376 
gexto 1 4436.0 4436.0 4436.0 4.99 0.026 
Residual 2197 1953751.0 1953751.0 889.0 
Total 2201 2385860.0 
Dragonet Location (lo) 1 1575.0 244.0 244.0 0.34 0.563 
Gear (ge) 1 53149.0 46879.0 46879.0 64.32 <0.001 
Tow (to) 1 551.0 553.0 553.0 0.76 0.384 
gexto 1 3.0 3.0 3.0 0.00 0.949 
Residual 927 675583.0 675583.0 729.0 
Total 931 730862.0 
Continued below 
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Dab Location (lo) 1 192.0 754.0 754.0 0.74 0.390 
Gear (ge) 1 667046.0 664343.0 664343.0 650.51 <0.001 
Tow (to) 1 248.0 1172.0 1172.0 1.15 0.284 
gexto 1 11153.0 11153.0 11153.0 10.92 0.001 
Residual 4560 4656993.0 4656993.0 1021.0 
Total 4564 5335633.0 
Cod Location (lo) 1 13153.0 35721.0 35721.0 1.57 0.212 
Gear (ge) 1 147678.0 96847.0 96847.0 4.25 0.040 
Tow (to) 1 306788.0 209418.0 209418.0 9.19 0.003 
gexto 1 26709.0 26709.0 26709.0 1.17 0.280 
Residual 243 5538990.0 5538990.0 22794.0 
Total 247 6033318.0 
Nephrops Location (lo) 1 4714.8 3764.9 3764.9 59.13 <0.001 
Gear (ge) 1 5579.3 2839.4 2839.4 44.59 <0.001 
Tow (to) 1 1649.5 645.5 645.5 10.14 0.001 
gexto 1 572.2 572.2 572.2 8.99 0.003 
Residual 3133 199488.4 199488.4 63.7 
Total 3137 212004.1 
Sand Crab Location (lo) 1 370.3 1154.7 1154.7 34.99 <0.001 
Gear (ge) 1 4945.7 4937.7 4937.7 149.64 <0.001 
Tow (to) 1 3.9 2.9 2.9 0.09 0.766 
gexto 1 105.1 105.1 105.1 3.18 0.074 
Residual 3558 117401.5 117401.5 33.0 
Total 3562 122826.6 
                
 
